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Abstract

Four different yeasts (Fermivin (FM), Saf-instant yeast red (SI), Angest wine active dry yeast (AW) and
Angest instant yeast high sugar (AI)) were used for the fermentation of black raspberry wine. The amount
of reducing sugars in FM (2.7%) and AI (2.8%) were higher than those in SI (2.4%) and AW (2.5%). The amount
of glucose (the major free sugar) was higher in AW (2.57 mg/mL) and AI (2.50 mg/mL) than FM (2.03 mg/mL)
and SI (1.75 mg/mL). AW (11.95%) had the highest alcohol content, while SI (11.75%) had the lowest. The
pH of FM (pH 3.73) was the lowest, and there were no significant differences in total acidity among the samples.
The major organic acid in the wines was citric acid (6.71~8.18 mg/mlL) and the amount of organic acids depended
on the type of yeasts. The amount of malic acid was highest in SI (2.92 mg/mL), and lowest in Al (1.83 mg/mL).
The Hunter color test showed that SI was highest in lightness, redness and yellowness, whereas Al was lowest.
There were no differences in turbidity between the samples. There were no significant differences in total phe-
nolic contents (TPC) and total anthocyanin contents (TAC). However, the TPC and TAC of black raspberry
wines were higher than those in commercial red wines. The antioxidant activities of wines (determined by ABTS
and FRAP) increased in the order of FM, AI, AW and SI. It could not be concluded which yeast is adequate
for the fermentation of black raspberry wine because any of the tested yeasts showed the best in all the quality

characteristics of the wines.
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=t B& A}l = anthocyanin, tannin, polyphenol 52|
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Black raspberry+= A#EE g0l A] 2012130 43
3 RS 7Yt ALLEH T, LHF(Cheil Jedang Co
Seoul, Korea)@ F7(12%, Korea Ethanol Supplies Com—
pany, Seoul, Korea)2 A5 vlE A T3t AL-E3A T
S5+ Saccharomyces cerevisiae Fermivin(DSM Food
Specialties, Seclin, France), S cerevisiae Saf-instant
yveast red(Societe Industrielle Lesaffre, Marcq-Baroeul,
France), S. cerevisiae Angest wine active dry yeast(Angel
Yeast Co., Yichang, Hubei, China), S. cerevisiae Angest
instant yeast high sugar(Angel Yeast Co.)& A3}t
B AP = black raspberrys E8AZ, black rasp-
berry wine& B2x a2 54z} o)

SEA YT M=

Bz dasF AzAAHL Fig. 19 2ok 2% 1o~
11°Brix®] &2} 20 kgg o7 5 139 369 kgs 2
24°Brix2 @& & AZER 20 g8 T8t 18°CoA 11
~12¢9 et HaEAZ BE F gEtste] A A vE A AT}

’ Black raspberry
l
’ Washing and crushing ‘
l

| Adding sugar and yeast |
| Fermenting at 18°[c for 11~12 days |
] Preslsing \
| Aging at 10“& for 14 days |
| Clarification <PIVPP 250 ppm) |
] FiltrLtion \
] Bott[hng \
| Pasteurization at 68°C |

Fig. 1. Flow chart of black raspberry wine making.
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31 10°Coll A 253t <24 4121 #, polyvinylpolypyrrolidone
(PVPP, Polyclar 10, American Tartaric Products Inc.,
Larchmont, NY, USA) 250 ppm= H7}ste] A A A2 3R
o 3 F AsE oAfste] HAsta 68°CE Adst At
Fermivin, Saf-instant yeast red, Angest wine active dry
yeast, Angest instant yeast high sugar® A|Z3 &%}
2Bg 3= FM, S, AW, AIZ YeRf i

=ox waF 9 2Exe| MAz)
HEEZ #a83F 100 mLE 45°ColA 74+ =7](rotary
evaporator, N-1000, EYELA, Tokyo, Japan)Z &3 &
TAAZ71(KVC 2300, Sori Tech Co., Hwaseong, Korea)
2 -73°ColA 747t SAA% 9. TH2AXS A8
-20°Coll Al B3t BEEAE #Y 20 g2 70% etha-
nol(Samchun Pure Chemical Co., Pyeongtaek, Korea) 100
mLE 1AIZF &5 &, B84 daF dxee 22 U

o= Az sk

HEY Z

d

=~
(=]
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3,5—-dinitrosalicylic acid(Samchun Pure Chemical Co.)
0.25 g3} sodium potassium tartrate(Samchun Pure Chemi-
cal Co.) 75 g= 2 M NaOH(Samchun Pure Chemical Co.)

S mlel w9 F FHEE A4, o S 1 mlsh

AlE 100 pLE Z 44L& & 100°C A 10%_'— 255 R=: A=
Ao 83 23 £ 570 nmol|A] §REE % J 3l Th

Glucose(Sigma Chemical Co., St. Louis, MO USA) stand-
ard curveg o|&3le] AT FFH(%)S FIATHT).

S =M EAM

A& 10 mLE 045 ym syringe filter2 ]33 & HPLC
(Ultimate 3000, Dionex-Softron GmbH, Germering, Ger-
many)Z 24319tk #83 £4-2 carbohydrate column
(Zorbax, 4.6x250 mm, 5 pm, Agilent Technologies Inc.,
Palo Alto, CA, USA)S AH&-3tA . o] 5742 75% acetoni-
trile(HPLC grade, J.T. Baker, Phillipsburg, NJ, USA)S A}
L3931, F£5L 1.4 mL/min® 2 3tE Tt Injection volume
2 20 uLt}. Detector= evaporative light scattering de-
tector(ELSD, PL-ELS 2100, Polymer Laboratories, Shrop-
shire, UK)E& AF&-3}% T}

&5 100 mLol 575 100 mLE
Yy Z7{sle] 799 100 mLE ol FAA(DA-105,
Kyoto Electronics Manufacturing Co., Kyoto, Japan)Z =
Bahsie.

pH H AME

pH+E pH meter(Orion 3-Star Plus Benchtop pH meter,
Thermo Scientific, Waltham, MA, USA)Z A3t 4t
Z®E BEA 2EF 10 mLE F3le] pH 7] 2 wj7X
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0.1 N NaOH(Samchun Pure Chemical Co.)2 & 33}, cit-
ric acid(%)& A3k

F7|A =Y BN

Al& 10 mLE 0.45 uym syringe filter(Acrodisc, Pall Life
Sciences, East Hills, NY, USA)Z o33l & HPLC(Waters
2695 Separations Module, Waters Co., Milford, MA, USA)
2 B39t 292 Carbomix H-NP 5, 8% crosslinking
column(7.8x300 mm, 5 pum, Sepax Technologies, Inc.,
Newark, DE, USA)& AH8-8131aL, 29 28 25+ 55CE
At o5 AL 25 mM HoSOs(Matsunoen Chemicals,
Osaka, Japan)o]loH, 42 05 mL/minSZ 3R
Injection volume-& 20 uL¥ 2. ¥ diode array detector(210
nm)Z 43} H o}

ME R EE

Me= ARE 128 314319 colorimeter(Minolta CM-—
3600A Chromameter, Minolta Co., Ltd., Tokyo, Japan)Z
L(Hunter), a(Hunter), b(Hunter) 3tS 4391, 34
Nluminant Dg—10°& A&t ¥%+ Hach 2100N
nephelometer(Hach, Loveland, CO, USA)Z o] &3l =3

AT

>

Total phenolics &i2F =%

Total phenolics &2 Folin-Ciocalteu W (9)ol] whe}t
S48, AR 10 plol S/ 790 uL9} 2 N Folin-
Ciocalteu(Sigma Chemical Co.) 50 uLE A7}ttt 3%
T 20% NayCOs(Yakuri Pure Chemicals Co., Osaka, Japan)
£ 150 pLE 7}8Fe] 40°Cell A 3087F Wx)3F & spec-
trophotometer(Spectramax 190, Molecular Devices Corpo—
ration, Sunnyvale, CA, USA)S A}£-3}] 765 nmoll A &34
T & =435t} Total phenolics &#-& gallic acid(Sigma
Chemical Co.)°ll 93 EFFAS o] 83l mg GAE/LZ
YERA T

Total anthocyanin &2k =%

Total anthocyanine pH differential methodZS A}-&3}<]
2R3 A TH10). A EE 0.025 M potassium chloride(Sam-
chun Pure Chemical Co.) buffer(pH 1.0)2 343l &3 =
Fel 0.7~1.00] Yo =2 s Mu|+E A3ttt o] 34 u)
T2 A|8E 0.025 M potassium chloride buffer(pH 1.0)<}
0.4 M sodium acetate(Sigma Chemical Co.) buffer(pH 4.5)
2 747} 314 1587 W ¥ 3171 F, spectropho-
tometerE ARt H &4 34(515 nm)3 700 nmol A

BAEE =AY L Ao 93} total anthocyanin &
FS AFEA T
Total anthocyanin (mg/L)= AX MWSXX?F x 1000

A:(AP\ vis-max ~ A700 nm)pll 1.0 (A}\ vis-max A7OO nm)pll 45

MW: cyanidin—-3-glucoside®] &4} &=449.2
DF: 3] 4uj4

e E&FA5=26,900

1: path length

Anthocyanin =4 £44

A2 E 0.01%(v/v) HCl(Samchun Pure Chemical Co.) 4=
f-Nof] SAIA AFE3FA T} Sep-Pak Cig cartridge(Waters
Co.)E 0.01%(v/v) HCl methanol(HPLC grade, ]J.T. Baker)
& 5 mL9 0.01% HCl 89 5 mLZ &43A7] o
A& 5 mLE loadingdlAth. 714 0.01% HCl 8 5
mLE F3A)AH T vl E3 anthocyaning A &3 225
drol W& & 5 ml9] 0.01%(v/v) HCl methanol €428 5
IA]A anthocyaning 3 3H 1L, 0.45 um syringe filter2
o 7}3t 3 HPLC(Waters 2695 Separations Module, Waters
Co.)ell FYd3A k. 28-S Nova—pak C18 column(3.9x
300 mm, 4 pm, Waters Co.)& AF&3I9 1, olsd oz
5% formic acid(&m] A, Samchun Pure Chemical Co.)%}
100% acetonitrile(87] B, Samchun Pure Chemical Co.)<
A3 0~1 minol & v B 2~10%, 1~30 minell&
<l B 10~13%, 30~35 min°l= &1 B 13~60%, 35~36
minol& €1 B 60~2%, 36~50 min®l<= £v] B 2%9]
gradient2 FA3AS. 45 1 mL/minE YL, A| 82
FAZFL 20 L™ diode array detector(520 nm)E 4]
3193 tH(11). Anthocyanin £43-& anthocyanin peak Z+zH]
WA (mV xsec) 22 YER AT

ABTS radical scavenging activity S8

Re 5(12)¢] ®WHo) wle} 22’ -azino-bis(3-ethylbenzo-
thiazoline-6-sulfonic acid) diammonium salt(ABTS, Sig-
ma Chemical Co.)& 7l &3A1AH 7 mM ABTS &
A8 =] 245 mM potassium persulfate(Sigma Chemi-
cal Co.)9t 1112 E338}e] 30°CY Aol 12~16413t &
ot W8I TE &3t 734 nmol A FF= Fkel 0.70 o3}
7F HEE deg2 343t 4 ABTS &< 900
uLeF AIE 100 uLE 18 &<t ¥HA1A 734 nmolA F3 %
= =43} g2 Ao 93] free radical scavenging ac—
tivityEs 7l oe, ¥FEAZ (+/-)-6-hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic acid(Trolox, Sigma
Chemical Co)E AH&-3te] HEFd-g 243t Al89] trolox
equivalent antioxidant capacity® 4+&3F ).

Free radical scavenging activity (%)=

( __sample absorbance

control absorbance >X100

Ferric reducing antioxidant power(FRAP) &%

FRAPY =42 Benzie9} Strain(13)9] Wl wat 10
mM 2.4.6-tri(2-pyridyl)-s—triazine(TPTZ, Sigma Chemi-
cal Co.)& 40 mM HCIol =4 TPTZ &85 HETH



aR9 £HE Zg3sle A X3 Black Raspberry H&EFo &

A 2 Aol pH 3.691 300 mM sodium acetate buffere} 20
mM FeClz(Duksan Pure Chemical Co., Ansan, Korea) &<
< WFE3lt}h. Sodium acetate buffer, TPTZ &9 FeCl; &
BS Zb2) 10:1:19) Hl& 2 E3ste] 37°CellA] 1587t 1h8-
AAHTH FRAP £ Al BE Alg9] A7 &9 Aze
Chelex(2 g/L, Chelex 100 sodium form, Sigma Chemical
Co.)Z deionized waterE THE0] A&t A8 S de-
ionized water®2 £33t A2 H7} A=A 37°Col A uY
o TPTZ &4 270 L} 343 A1F 30 uLE 37°Coll A
1587 BESAIZL &) 540 nmoll A F3 T8 4390 &

EZZ 1 mM troloxE AHE-3l] AFFAS A3 A8

9] trolox equivalent antioxidant capacityS AF&3stth.

=
RN

A

= BEA LAFE 23] §HE A xste £4
st o, A3 A= SPSS program(version 19.0, SPSS,
Chicago, IL, USA)S o|&38}y HF3 EFHX(mean+
SD)E AF&38lal, T 3k2 one-way analysis of variance
(one-way ANOVA)2} Duncan’s multiple range testS 4
At p<0.05 frolgEalA dErlastdt
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Table 1. Reducing sugar, free sugars and alcohol content of black raspberry and wines

o) = fructose, glucose,

HA=d, ol AHES &

o g3 g AWZE
S 3

sto] A2 BEA WEAY pHE
1) 13} #9120 2 etk Table

Samole Reducing sugar Free sugars (mg/mL) Alcohol

P (%, w/v) Fructose Glucose Sucrose Maltose Lactose Total (%, v/v)
Black raspberry ~ 154+13" 705+19  49.7+3.1 ND” ND ND 120.2+4.9 -7
FM 27401 1.03+027"  2.03+0.69" o.9o¢o.452‘) 1.88io.93zb 1.82t0.413 766+2.75 11.90i0.002b
SI 24+01" 110£022"  1.75+013° 0730297 133+042" 149+050° 640+156 11.75+007
AW 25402 1.00+£0.08"  257+044°  1.374030° 20740107 2.28+012" 9284103 11.95+007
Al 2.8+0.1° 0.98+0.19° 250+0.15" 1.09+0.41" 232+0.72° 235+023" 924+170 11.85+0.07"

FM, black raspberry wine fermented with Fermivin; SI, with Saf-instant yeast red; AW, with Angest wine active dry yeast;

Al, with Angest instant yeast high sugar.

vl)Each value represents the mean = standard deviation. YND: not detected. ' —: not tested.
““Values with different superscripts among the wine samples are significantly different (ANOVA and Duncan’s multiple range

test at p<0.05).

Table 2. pH, total acidity and organic acids of black raspberry and wines

Total acidity Organic acids (mg/mL)
Sample pH (% as citric Oxalic Citric Malic Succinic Lactic Acetic Total
acid) acid acid acid acid acid acid

Black raspberry 388+002 " 098+001" ND”° 16394213 5624068  486+032° 01140027  ND'  2697+3.15

FM 3.73+0.01° 0.91i0.082 0.39+0.10" 7.90i2.1GE
SI 379006’ 0.86+004 033+008" 691+043’
AW 376+0.05° 086+001" 036+0.04" 818+2.12
Al 379+0.01"  086+0.02" 039+005 6.71+1.28

2.59i1.323“ 2.47i0‘08: 0.30+0.23" )
2.92+0.37" 2.47+0.49° 0.39+0.30" 0.14+0.13" 13.15+1.75
2.47+0.36% 2.73+0.44" 0.45+0.03" 0.20+0.26" 14.47 +3.24
1.83+0.34° 2.70+0.26" 053+0.06" 0.44+0.18" 12.60+2.18

©0.26+0.25" 13.92+4.13

Samples are the same as in Table 1.

'liEach value represents the mean = standard deviation. IND: Not detected.
““Values with different superscripts in the same columns are significantly different (ANOVA and Duncan’s multiple range test

at p<0.05).
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3ol %%}—E d], malic acid= SI(2.92 mg/mL)ol| A
31 lactic acid®} acetic acid®] 73-%- Al A
2 %%E‘r. T B AR Fa citric
acid®} malic acid®] §&o] 7HA 3L, lactic acide] &3
< ZI71skAT ol ¥E g F citric acid”} lactic acidZ
A 3k= ™ (6), malolactic fermentationg %3 malic acid’}
lactic acid2 =7 £ o2 BITHI6). S acetic
acide MEA HAEHJEH, ol ATl 23} alcohol]
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Table 3. Color values (L, a and b) and turbidity of black rasp-
berry and wines

Sample Color value Turbidity
L a b  (NTU)
Black raspberry 182+0.7 ~ 408+11 115+03  —~
FM 20.5i2.5ab 36,9i1.6b 11.6+0.8" 1.11+0.26"
SI 22.4+0.2" 377+o4 12405 1.11+0.12"
AW 196+17“h 360+15 115+05 1.05+0.76"
Al 17.6+2.0" 346+1.7" 108+0.9" 1.34+057

Samples are the same as in Table 1.

DEach value represents the mean = standard deviation.

?—: not tested.

a'bValues with different superscripts in the same columns are
significantly different (ANOVA and Duncan’s multiple range
test at p<0.05).

oty =, ol MAa A gl 7o3td 1& g 2
ZF = BaE S AP 7|(Table 2) HH
b #& SIAM 7H =tow Ale] 4% 74 JE} u}z}
H SIh Ui A% 52 S YEAI AlE olFE /52
S el BEA wadee At 3y Aed
—‘:o— “?‘%%70‘:0] vigto 2 JhetetAl =, oju SR
w2} 28] E@oly SR o] gt EEEZH e HAd 2]
#Ach19). g2t 748 B AW(1.05 NTU)=
T2 axe HE] dEad Fo JE TEHEAS] 7P wE
7.

(3

SEEeE

Total phenolics & anthocyanin &+H2f

H B 2}o| = anthocyanin, ellagitannin, quercetin 5 &
9] phenol 3}3HE°] =] 1.2™(20), olE2 I4tst &
7, g, oldid AAT T YA VIsE VHAE
Aoz dHA JYrH2l). B AFo A AFE-3F B-EA]9] total
phenolics& 55 mg GAE/go] e, o]= Jeong 5(22)9]
black raspberry Lo A =3 polyphenol(5.6 mg GAE/
2)ZF FAFSER L, Ordidge 5(23)°] raspberryell A 243t
polyphenol(1.34~2.25 mg GAE/g)Xt}h Ekth 2 A
A AR BE2219] total anthocyaning 3.1 mg CGE/g&
2, o] Wada$} Ou(24)7} black raspberry Zd oA =4
3+ 589 mg CGE/g®Et &3l boysenberry®] anthocya-
nin(1.31 mg CGE/g) R th= B2 ol weta] E&Ex}
ofloz 7S W olelg B P ERY FF W
sforsly] 93f total phenolics ® anthocyanin &2
AU H(Table 4). X9 FT/HE 3t A= HEA4
A 39] total phenolics ¢ &2 3,254~3711 mg GAE/LZ
REHE FoHQ Aol YEIA] FAARE FldA &
&= #H= 24219 polyphenol §3(250~2,298 mg GAE/
L)ETE =90th Lee?t Ahn(17)9] AdllM = B8 Rubus
occidentalis 1.) ¢} B-5-2} & 3 9] total phenolics &)
fratettha Baste] E@xpel iR GE S Aloldd A
g4 24 FEFole Aolrt gle Ao Btk B AT
Me BE8A FEF total anthocyanin o] E-&-2o|

< T o | O

Table 4. Total phenolics and anthocyanins in black raspberry
and wines

Total anthqcyanins
(mg CGE?/mL)

Total phenolics

Sample (mg G AE"/mL)

Black raspberry 55+03" 31+0.17
FM 37+03"" 0.20+0.00""
SI 33+0.1 0.14+0.01
AW 34+0.1 0.26+0.17
Al 37+0.4 0.27+0.05

Samples are the same as in Table 1.

DGAE: gallic acid equivalent.

3 CGE: cyanidin 3-glucoside equivalent.

%)mg GAE/g fresh weight

_mg CGE/g fresh weight

Each value represents the mean+ standard deviation.
NS not significant.
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Table 5. Anthocyanin composition of black raspberry and wines

Anthocyanins (% peak area)

Sample Cyanidin 3-glucoside Cyanidin 3-xylosylrutinoside Cyanidin 3-rutinoside Unknown
Black raspberry 13.8+06" 232+0.1° 63.0+0.7" ND””
FM 64+02 285+1.6" 251425 402+43"
SI 62406 293+15° 206+16 431+37"
AW 55+1.7 26.6+0.5" 273+54° 40.7+7.6"
Al 45+0.1" 275+1.3" 21.9+06" 46.2+0.6"

Samples are the same as in Table 1.

'giach value represents the mean= standard deviation. Z)NDI Not detected.
**Values with different superscripts in the same columns are significantly different (ANOVA and Duncan’s multiple range test

at p<0.05).

Hl3) A% A4S, ol 584 ¢aF AxHA
(Fig. 1) & B2 &o] AAR Aoz Bt 28y I
A B Ele YA A= 94919 anthocyanin &#(16~130
mg CGE/L)Ete EUtH(25). R E total anthocyanin
ol A1 Aol & BolA o, AldA 270 mg
CGE/LZ 7H ©%kar, SIelA 139 mg CGE/LE 71 A%
}.

Anthocyanin Z=A

Anthocyanine E#2}9] Fa3 g4tst Ed= gitks)
A, FEdF 715 FH(26). BEEA A AR = antho-

cyanin®| = cyanidin 3-sambubioside, cyanidin 3-gluco-
side, cyanidin 3-xylosylrutinoside, cyanidin 3-rutinoside,
pelargonidin 3-rutinoside &°] €Aty BRI =F o,
£-3] cyanidin 3-xylosylrutinoside®} cyanidin 3-rutinoside
7} AR B vlEo] 7 ATH26). B AFA AREE B
Z}9] anthocyanin £/3-& #2443+ 23} (Table 5), cyanidin
3-glucoside, cyanidin 3-xylosylrutinoside, cyanidin 3-ru-
tinoside’} A& ¥ QoW 15 cyanidin 3-rutinosideZ} =}
A5t vl &0 7HF o BEEA @EF oA+ cyanidin
3-glucoside, cyanidin 3-xylosylrutinoside, cyanidin 3-ru-—
tinoside’t AEFALH, N2 w9 Edo] A&
t}. Cyanidin 3—-glucoside®} cyanidin 3-rutinoside®] 7%
BEREEZ §oZHQl Aole UAN HE HFS T3 WH
H]-go] 743U Cyanidin 3-xylosylrutinoside®] A%
HI-&-2 SI(20.3%) A o)A o= Z1om, AW(26.6%)0 A
= k) Shoji 5(27)& gel permeation chromatography
£ 0] 83} rose cider?t d = 24219 anthocyanin M A S
A A9, = 9Qle] Ha S 4 F o= anthocyanin
#} phenolic 3FEE Aol 4 & 2822 monomeric an—
thocyanin& 7F43}al, polymeric anthocyanine % 7}3c}h
3 RIStk Wb BE ABAA AEE v|R9 22L&
polymeric anthocyanin®]#til 343t}

sts

A HE 0] kst ¢
FRAPH S AF&-3lth ABTSH-2 ABTS radicale] &4t3}

9

24S 7H E42

Jz og
ML orz

31 (12), FRAPY 2 ferric tripyridyltriazine(Fe” ~TPTZ)
o] ksl EA] 93 ferrous tripyridyltriazine(Fe* -
TPTZ) o2 e 3s FATTHII).

ABTS®} FRAPH S o] 838t BiEa 9 R&a ¢as
9] free radical scavenging activityS &3 3}1l 9] = trolox
equivalent 7t 2 Yl A tHTable 6). B2} ABTS+
4.9 mmol TEAC/100 g2 & Halvorsen S(28)°0] A3+
raspberry2] ABTS 1.85 mmol TEAC/100 g gt:.th Zith.
RO FFHE Gt Az HEA HEF] Fitsks
< FM, AL AW, SI 0.2 =3t A8 A5S0lA= total
phenolics %3} anthocyanin 3 #o] BS54 Akl 50|
$-F3itha Ras = (24,29), £ Aol A= total phe-
nolics$} anthocyanin®] g&o] o ©4 A" FMo| AlR
o} &4tslso] § Foh o]+ total anthocyanin 32 Al
A wkA R dkaksl A o] ] & cyanidin 3-rutinoside
9} cyanidin 3-xylosylrutinoside®] W2 ®]&(Table 5)°]
FMol A © 77] W&o 2 1 Ath26). Korean black rasp-
berry wined] 3itsleS SA 3 Lim 5(14)9] AFlA=
ABTS #ko] 22.67~2845 mmol TEAC/LZ 2 A9} A}
3k S YERSITE A3 EE 91 S, ABTS #2
13.89~34.69 mmol TEAC/LS 3L, FRAP 32 4.92~13.94
mmol TEAC/LZ s}Qlvit} 2ol 7k ZITh(30). B3 22 <}
oldo = EF3lal ABTSS} FRAPHO. 2 =43 3itksls
kel Aozt o B AP E ABTSS FRAPHO.Z =
Ag 9419 Fgitsls ghol Esked, ole ol =3 d

Table 6. Antioxidant activities of black raspberry and wines

Sample ABTS N FRAP
(mmol TEAC'/L)  (mmol TEAC/L)

Black raspberry 49.0+ 6.62>3> 249+ 2.92)

FM 24.0+49"" 9.4+10"

SI 21.8+0.0 6.2£0.3

AW 22.8+0.3 7.9x0.1

Al 23.3*x1.1 93+2.1

Samples are the same as in Table 1.
2)TEACS trolox equivalent antioxidant capacity.
mmol TEAC/kg fresh weight.
;)Each value represents the mean = standard deviation.
NS: not significant.
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4+3} EAvith FRAPZ ABTS S AHE-3h= Al ek
B Aol Er] Wi R HATED). weka kst
< H7et7) S8l @ 7hA W E s B 7EA] datdlke
A HE AFEStY 295 v | 4sk= Aol asith

00"

—IIN' off 1o oo
01

o 13
i =

Al# a5 47}A(Fermivin, FM; Saf-instant yeast red,
SI; Angest wine active dry yeast, AW,; Angest instant
yeast high sugar, AD)E ©]&3lo] BEx HaFE A %3}
1, FE 545 vnsd. 393 FEFS FM2.7%)2
AI(2.8%)7F SI(2.4%)9F AWR5%)ET =9kon AZH
F8 28132 glucosed] T2 AWS AldA Feldoz
=t 43 FFS AWAL95%)ANA g =i, SI
(11.75%)°ll 4 74 w3t} pHe FM(pH 3.73)01A4] 7H v
foH, T AEE aREE zo|7) T BE AR A

AEH FQ2 F7]4HE citric acid o™, aR¥EE A&FH
712 heke. @gkt} Malic acid®] A% SI(2.92 mg/mL)

o
]H 7H4 Beka AI(1.83 mg/mL)ol A 7HE A Atk L, a,
T AIGA Ygron B xE R uzt
—H\-:Z} Wkg 3=9] total phenolics®} total an-
thocyam B HE Zol7} gldley, Il 3t
WiEs FAL FE GRIET gtk ks HA §‘jm
Z Zol7t gey FM, Al AW, ST £2.2 =3kom,

5l 5 A 3o = total phenolics®}t anthocyanin® 3+
ol e} anthocyanin A% Q¢S m o

F{g o°"
2o
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